Pseudomonas aeruginosa (P. aeruginosa) is a common opportunistic human pathogen that can lead to severe diseases in immunocompromised patients.
Introduction
Pseudomonas aeruginosa (P. aeruginosa) is an opportunistic human pathogen that often colonizes immunocompromised patients and one of the main bacterial pathogens which may cause severe lung deterioration in cystic fibrosis patients [1] [2] [3] . It is always classified as one of the top three most frequent gram-negative pathogens and is linked to the worst visual diseases [4] . Also, it has multidrug-resistance and the ability to develop new resistances during antibiotic treatment, so it becomes not controlled and eliminated [5] [6] .
Different extracellular virulence factors of P. aeruginosa like hemolysins, exoenzyme S, and exotoxin A play important roles in its pathogenesis [7] . An out member protein of P. aeruginosa, which was designated as the insulin-cleaving membrane protease (ICMP), was first characterized as a zinc peptidase [8] . This bacterial protein harbors the capacity of cleaving insulin B chain between Glu13-s-Ala14, Tyr16-s-Leu17, Phe25-s-Tyr26, and His10-s-Leu11, and is therefore characterized as a putative virulence factor of P. aeruginosa [8] . ICMP contains a conserved HXXE motif which was commonly observed in the MEROPS [9] metallopeptidase family, and has been shown to bind to zinc metal to perform its peptidase activity [8] . In MEROPS, ICMP serves as the founding member of the M75 peptidase family and represents a prototype of the imelysin/imelysin-like proteins [9] .
In addition to cleaving insulin during the pathogenesis of the bacterium, ICMP was also implicated as a virulence factor involved in iron uptake. As an essential nutrient for bacterial growth, iron is poorly soluble at physiological pH and toxic in the presence of O 2 . As a result, bacteria have evolved to contain complicated and versatile regulation systems on iron uptake and metabolism [10] . Like most bacterial pathogens, P. aeruginosa exhibits impressive capacity to retrieve iron from a variety of natural sources through a multiplicity of systems for the active transport of iron to infect the host and to multiply within tissues [11] [12] . ICMP genetically organized in an imelysin operon (PA4370-PA4373) is regulated by Fur (ferric uptake regulation) [13] . The genomic context of all previously characterized imelysins bears substantial similarity to iron-transporter EfeUOB which was characterized in Escherichia coli O157:H7 [14] [15] [16] . It is also a homologous protein to IrpA (iron regulated protein A) which has been experimentally demonstrated to be essential for growth under iron-deficient conditions in the cyanobacteria Synechococcus sp. [17] . Therefore, ICMP has an important role in iron uptake.
Despite of the functional importance of ICMP in the pathogenesis of P. aeruginosa, the high resolution structure of this protein, however, remains unknown thus far. Several previous studies have reported the structures of imelysin/imelysin-like proteins, including the imelysin-like protein from Psychrobac-ter arcticus (IPPA), the permuted imelysin from Bacteroides ovatus (PIBO) [18] , and the alginate-binding protein from Sphingomonas sp. A1 (Algp7) [19] . These structures have revealed an all-helical fold with sterically conserved HXXE motif-residues [18] [19] . However, no peptidase activity could be detected for these imelysin-like proteins [18] [19] . It is obvious that ICMP exhibits very little sequence identities to these proteins (15.30% to IPPA, 12.89% to PIBO, and 11.43% to Algp7). Therefore, it is an interesting scientific question that how the ICMP-structure differs from those of other imelysin/imelysin-like proteins represented by IPPA, PIBO, and Algp7. In light of its significant role in the pathogenesis of P. aeruginosa, we set out to determine the structure of ICMP, aiming to delineate the mechanism of ICMP catalysis and to facilitate the structure-directed drug design. In the present study, we reported the cloning, expression, purification, and crystallization of ICMP. A data set was collected to 2.5 Å resolution using the synchrotron radiation. The preliminary crystallographic analysis of the diffraction data was also conducted.
Materials and Methods

Cloning, Expression and Purification of ICMP
The ICMP protein from P. aeruginosa PAO1 (NP_253060.1) [20] , which contains 446 residues, was selected for the crystallographic studies in this report. To facilitate soluble expression of the ICMP protein, the predicted N-terminal lipoprotein signal peptide (residues 1 to 19) and a small hydrophobic region directly following this lipoprotein signal (residues 20 to 48) were not included in the expression construct. The resultant DNA fragment encoding ICMP amino acids 49 -446 was then cloned into the pGEX-6P-1 (GE Healthcare) vector via the BamH I and XhoI enzymes. The recombinant protein expressed from this vector therefore, it contains a GST tag followed by a PreScission Protease (PSP) cleavage site at the N-terminus of ICMP. The recombinant plasmid was transformed into Escherichia coli BL21 (DE3) for protein expression. In brief, the transformants were grown at 37˚C overnight on a Luria-Bertani (LB) agar plate containing 100 mg/l ampicillin. A single colony was inoculated into 50 ml LB medium containing 100 mg/l ampicillin and incubated overnight. This pre-culture was then transferred into fresh LB medium supplemented with ampicillin at the ratio of 1:100, and further grown at 37˚C until the culture density (OD600) reached approximately 0.6. Isopropyl-β-D-thiogalactopyranoside (IPTG; Sigma) was then added to the cell culture to a final concentration of 0.1 mM, and the cells were further incubated at 37˚C for about 10 h to induce the expression of the protein. centrifugation at 4˚C using an Amicon Ultra-15 centrifugal filter device (10 kDa cutoff; Millipore) to 10 mg/ml before using for crystallization screenings. The ICMP-production information is summarized in Table 1 .
ICMP Crystallization
The initial screening trial was carried out using the commercial crystallization kits (Hampton Research) via the sitting-drop vapour-diffusion method at 18˚C.
The experiments were performed such that 1 μl protein solution at 10 mg/ml The BamHI and XhoI sites are underlined. The ICMP signal peptide and its following small hydrophobic region, which are excluded from the expression construct, are indicated in green and red, respectively. Those vector-derived residues that retain at the N-terminus of ICMP after PSP-digestion are marked in blue. American Journal of Molecular Biology was firstly mixed with 1 μl reservoir solution, and then equilibrated against 70 μl reservoir solution in 48-well double-sample sitting-drop crystallization plates.
The plates were kept at 18˚C for about one week for the crystals to grow, and the identified conditions were then optimized. Further optimization of the crystallization conditions was then conducted by preparing reservoir solutions with gradually decreased precipitant concentrations. Crystals of good quality were finally obtained in a condition consisting of 1.6 M sodium citrate tri-basic dihydrate at pH 6.5. Crystallization information is summarized in Table 2 .
Data Collection and Processing
For data collection, a single crystal was picked up using a nylon loop, immersed into a cryoprotectant solution consisting of the reservoir solution supplemented with 20% glycerol for about 30 s, and then flash-cooled at −173˚C. The diffraction data were collected using the synchrotron radiation at the Shanghai Synchrotron Radiation Facility (SSRF) beamline BL18U1. The collected data were then processed with HKL2000 [21] for indexing, integration, and scaling. Detailed statistics on data collection are summarized in Table 3 .
Results and Discussion
The ICMP protein of P. aeruginosa was initially identified as an outer membrane protein [8] . This protein contains a predicted N-terminal signal peptide consisting of residues 1 -19 followed by a small region extending from residue 20 to 48 with a majority of hydrophobic amino acids (Table 1) . To facilitate soluble expression of the ICMP protein, these N-terminal residues were removed from the protein-expression construct. Subsequently, the Pseudomonas ICMP with amino acids 49 -446 was expressed as a recombinant protein with an N-terminal GST tag in E. coli (Figure 1(a) ). As expected, the fusion protein is largely expressed in the soluble form, which could be easily purified via affinity chromatography (Figure 1(b) ). After removal of the GST fusion tag, the target protein was further purified by gel-filtration, in which, the ICMP protein was eluted as a symmetric peak at about 15 ml on a calibrated Superdex 200 Increase 10/300 GL 
